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CHAPTER 1-13 
AQUATIC AND WET MARCHANTIOPHYTA, 
ORDER FOSSOMBRONIALES, PART 1 
 
 
Figure 1.  Fossombronia caespitiformis subsp. multispira with capsules on bank.  Photo by Michael Lüth, with permission. 
Nomenclature for this chapter is based primarily on 
Söderström et al. (2016).  In addition, Lars Söderström 
provided me with correct names for species that I could not 
link to the names on that list.  TROPICOS also permitted 
me to link names by tracking the basionym.  I have ignored 
varieties, forms, and subspecies unless I could verify a 
current name for them.  Information on these unverifiable 
taxa has been included in the species. 
SUBCLASS PELLIIDAE 
Fossombroniales:  Fossombroniaceae 
Fossombronia (Figure 1) 
Fossombronia has been a troublesome genus, and 
many parts remain so.  For example, in her revision of the 
genus in Mexico, the Caribbean, Central and South 
America, Freire (2004) reduced the 30 species described to 
13. 
To develop this list, I used my own bibliography, 
collected over the past 56 years, and Google Scholar.  
These papers soon led me to others.  I do not pretend that 
this is complete.  It includes streams, lakes, and other 
wetlands, but also other wet habitats such as waterfall spray 
and stream and river banks.  I have not discussed or 
searched bog and fen habitats, but I nevertheless include a 
number of these species because they were found in a 
wetland study.  Bogs and poor fens have been treated in 
whole books and provide an extensive literature; 
intermediate and rich fens seem somewhat less studied.  
They would require considerably more review and time.  
Thus I felt that less-reviewed topics, particularly the 
aquatic habitats with which I am most familiar, should be 
given priority. 
Many of the species of Fossombronia can live in wet 
or moist habitats.  Some of these could even be considered 
aquatic.  Toivonen and Huttunen (1995) reported species of 
Fossombronia in small lakes of southern Finland.  The 
genus has a relatively wide range of habitats, including 
both terrestrial and aquatic. 
 
Fossombronia angulosa (Figure 2-Figure 5) 
The name Fossombronia angulosa (Figure 2-Figure 5) 
has met with confusion.  Its use in publications appears 
frequently to be different from the species that was 
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originally described.   Stotler et al. (2005) argued that the 
concept used for 200 years should be retained, following 
the basionym Jungermannia angulosa.  It has become the 
type species for the split off genus Fossombronia, based on 
the name Fossombronia angulosa, and was conserved 





Figure 2.  Fossombronia angulosa. Photo by Jan-Peter 




Figure 3.  Fossombronia angulosa.  Photo by Jan-Peter 




Figure 4.  Fossombronia angulosa in moist condition.  
Photo by Jan-Peter Frahm, with permission. 
 
Figure 5.  Fossombronia angulosa covering its substrate.  
Photo by Michael Lüth, with permission. 
Distribution 
Schuster (1992) considered all North American records 
to belong to Fossombronia brasiliensis, now considered to 
be Fossombronia porphyrorhiza (Figure 6), describing the 
distribution of Fossombronia angulosa (Figure 2-Figure 5) 
as European oceanic and Mediterranean.  This included 
southern Ireland and southwestern England to coastal 
France, Spain, Portugal, southern Switzerland, Italy, 
eastward to Greece and Turkey, south to North Africa, the 




Figure 6.  Fossombronia porphyrorhiza, considered by 
Schuster to be a North American species.  Photo courtesy of 
Denilson Peralta. 
Fossombronia angulosa (Figure 2-Figure 5) is a 
Northern Hemisphere species (Sabovljević & Natcheva 
2006; Milner et al. 2011).  Dia et al. (2007) consider it to 
be oceanic-Mediterranean and Jovet-Ast (1946) to be 
Mediterranean-Atlantic. 
The 2019 edition of the Catalog of life reports 
Fossombronia angulosa (Figure 2-Figure 5) from Norway, 
Britain, Ireland, Netherlands (see also du Mortier 1874), 
Belgium, Switzerland (see also Meier et al. 2013), Czech 
Republic, France, Portugal (see also Sérgio 1974), Spain  
(see also Elias Rivas & Rupidera Giraldo 1991; Elías Rivas 
et al. 2001; Pericàs Mestre et al. 2010), Baleares, Corsica, 
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Sardinia, Sicily (see also Dia et al. 2007; Privitera et al. 
2008), Italy (see also Puglisi & Privitera 2009; Pedrotti & 
Aleffi 2011), Croatia (see also Sabovljević 2003), 
Montenegro, Bulgaria, Albania, Greece, Crete, Turkey (see 
also Ezer et al. 2009; Oren et al. 2012) in Europe, 
Krasnodar, Morocco, Algeria, Tunisia, Azores (see also 
Frahm 2005), Madeira, Canary Islands, Cape Verde, South 
Africa, Azerbaydzhan, Turkey, Cyprus, Lebanon, Sinai, 
Palestine, Yemen, and Java.  It most likely also includes 
Germany (du Mortier 1874).  Ganeva (1997) notes that 
most of the Mediterranean-Atlantic liverworts in Bulgaria, 
including Fossombronia angulosa, are mostly in the 
southern part of the country, along the Black Sea coast, but 
also in lowland areas in northern parts. 
Despite the conclusions of Schuster (1992) regarding 
North American populations, a number of recent authors 
still recognize Fossombronia angulosa (Figure 2-Figure 5) 
as a species in the western hemisphere, including 
Söderström et al. (2020).  Theirs and others include records 
in Canada:  Ontario; USA:  Rhode Island, New Jersey, 
Texas (see also Underwood 1896), South Carolina, 
Alabama (see also Underwood 1896), Louisiana, Florida 
(see also Underwood 1896; Redfearn 1952); Mexico; Cuba; 
Rio Grande do Sul; and Uruguay (Söderström et al. 2020), 
as well as Brazil (Bordin & Yano 2010). 
 
Aquatic and Wet Habitats 
 
Ezer et al. (2009) consider Fossombronia angulosa 
(Figure 2-Figure 5) to be a hygrophyte-mesophyte (Figure 
7).  Guerra (1982) likewise treats it as a mesophyte and 
earthbound.  Saadi et al. (2020) describe it as terricolous, 
sub-aquatic, and aquatic in Morocco; along with Fontinalis 
antipyretica (Figure 8) and Cinclidotus riparius (Figure 9), 
it can be totally immersed, but it can also grow on a water-
soaked forest floor.  They consider Fossombronia 
angulosa to be very rare, at least in Morocco.  But in 





Figure 7.  Fossombronia angulosa in a terrestrial, mesic 
habitat.  Photo by Michael Lüth, with permission. 
 
Figure 8.  Fontinalis antipyretica, a species that occurs 
under water in some of the same situations as Fossombronia 
angulosa in Morocco.  Photo by Dick Haaksma, with permission. 
 
 
Figure 9.  Cinclidotus riparius, a species that occurs under 
water in some of the same situations as Hermann Schachner, 
through Creative Commons. 
Ferreira et al. (2008) reported Fossombronia angulosa 
(Figure 2-Figure 5) from rivers.  Earlier, Armitage (1918) 
reported it from the wetter rocks and stones of streams in 
Madeira, but it was also found on bare earth, banks, and 
shady mountain ground.  Özenoğlu Kiremit et al. (2007) 
found it on soil in the stream bed, but also on the soil of 
stream banks, frequently with other liverwort species.  
These habitats are consistent with what seems to be a more 
frequent habitat on stream banks. 
In the Izarine Massif of Morocco, Fossombronia 
angulosa (Figure 2-Figure 5) occurs on wet clay soil next 
to a water gully and on small rocks (Laouzazni et al. 2021).  
On Tenerife in the Canary Islands, it frequents damp soil 
on the slopes of ravines and is again considered mesophilic 
(Losada Lima & Beltrán Tejera 1987).  On Madeira, it 
occurs in the spray zone along stream margins, where it is 
often associated with the hygrophytic moss Brachythecium 
rivulare (Figure 10) and liverwort Scapania undulata 
(Figure 11) (Luís et al. 2008).  In Spain it occurs on slopes 
close to a ravine (Figure 12) (Fuertes & Mendiola 1984; 
Gil Garcia & Castro 1987).  Campisi et al. (2008) found it 
on soil slopes near water courses in Calabria, Italy.    On 
the Greek Island of Crete, Blockeel (2012) found 
Fossombronia angulosa on the steep, heavily shaded 
banks of streams and gullies.  In Ireland, where it is rare, 
M'Ardle (1894) found it on rocks at the mouth of the river 
at Pulleen Cove. 
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Figure 10.  Brachythecium rivulare by stream, a common 
associate of Fossombronia angulosa in the spray zone on 
Madeira.  Photo by Kim Nicole, through Creative Commons. 
 
 
Figure 11.  Scapania undulata with Marsupella emarginata 
surrounding it.  Scapania undulata is a common associate of 
Fossombronia angulosa in the spray zone on Madeira.  Photo by 
Jeremy Berker, through Creative Commons. 
 
 
Figure 12.  Fossombronia angulosa in a damp location by a 
stream.  Photo by Michael Lüth, with permission. 
Where the substrate is wet, Fossombronia angulosa 
(Figure 2-Figure 5) is able to venture away from streams 
and other water bodies.  It occurs on humid soil (Cros et al. 
1995), in humid areas of southeastern Spain (Casas et al. 
1999) and on "shady slopes with a certain degree of 
humidity" (Jiménez et al. 1986).  Likewise, it occurs on 
damp soil in the Küre Mountains in Turkey (Ören et al. 
2012).  In southern Europe it occurs on clayey moist shady 
soil and also lives in wetlands in Italy, England, and the 
Netherlands (du Mortier 1874).  Sotiaux et al. (2008) listed 
it on the ground of a slope in Corsica, but made no 
reference to moisture. 
Despite these wet sites, there is evidence that 
Fossombronia angulosa (Figure 2-Figure 5) is drought 
tolerant.  It is able to live in temporary water courses 
(Jiménez et al. 1986; Mundo 1986).  In Morocco, Fadel et 
al. (2020) found it on shale that is soaked with water in the 
winter, but is dry in summer.  In Sierra del Calar, it also 
occurs in temporary water (Mundo 1986). 
Puglisi et al. (2015) found Fossombronia angulosa 
(Figure 2-Figure 5) in Mediterranean temporary ponds in 
Italy.  Puglisi and Privitera (2009) described the 
Fossombronia anglosae-Phaeocerotetum bulbiculosi, now 
Phymatocerotetum bulbiculosi (Figure 13), from moist but 
not humified soil with a steep slope (60°-80°) on talus 
along the margin of a coastal lake in Italy.  This association 
was previously only known from the Iberian Peninsula.  In 
the British Isles, Preston et al. (2011) found a similar 
association of Fossombronia angulosa with Phaeoceros 
laevis (Figure 14) in locations that were very well-




Figure 13.  Phymatoceros bulbiculosus, a species that forms 
an association with Fossombronia angulosa in Italy.  Photo by 
David H. Wagner, with permission. 
 
 
Figure 14.  Phaeoceros laevis, a species that forms an 
association with Fossombronia angulosa in the British Isles.  
Tomás Curtis, through Creative Commons. 
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Pericàs Mestre et al. (2010) described its habitat in 
temporary ponds of Menorca.  They considered that this 
habitat favored colonization, establishment, and succession 
of plant groups that have water requirements that are higher 
than in other environments. 
Blockeel (2017) reported Fossombronia angulosa 
(Figure 2-Figure 5) from earthy rock crevices.  Whereas 
rock is a common substrate for this species, it also occurs 
on soil (Losada Lima & Beltrán Tejera 1987) and bark 
(Özenoğlu & Gökler 2002), although the bark was covered 
with soil.  It appears that the limiting factor for substrate is 
its pH because all the records that mention acidic or basic 
refer to it as acidic. 
Fossombronia angulosa (Figure 2-Figure 5) occurs on 
sandstone rocks in Turkey (Papp & Sabovljevic 2003), a 
substrate that is typically acidic due to high silica content.  
Mundo (1986) reported that Fossombronia angulosa is 
often found with Epipterygium tozeri (Figure 15) and 
Anthoceros punctatus (Figure 16) on acidic vertical 
substrata.  It occurs on acidic substrata in Spain (Fuertes & 
Mendiola 1984; Jiménez et al. 1986; Casas et al. 1999), 
and Guerra (1982) described it as acidophilic in Spain, as 
did Papp et al. 1999 in Greece and Puglisi and Privitera 
(2009) in Italy.  In the Ibérican Peninsula the pH where it 
grew was 5.9 (Gil Garcia & Castro 1987). 
 
 
Figure 15.  Epipterygium tozeri, a species that often occurs 
with Fossombronia angulosa.  Photo by David T. Holyoak, with 
permission. 
Fossombronia angulosa (Figure 2-Figure 5) is one of 
the few bryophytes with any salt tolerance (Smith 1990; 
Perold 1999).  Rilstone (1949) reported it from near the sea 
in Cornwall.  Blockeel (1991) found it on a sandy coastal 
bank.  While these are not immersed in salt water, salt in 
the air can accumulate on the bryophytes.  Hill et al. (2007) 
reported that it occurs in both saline and non-saline 
situations in the British Isles.  Perhaps its greatest salt 
tolerance is shown in salt marshes, where it can be found 
frequently in early spring in Kansas, USA (Smyth & Smyth 
1911). 
In almost all of these habitats, Fossombronia  
angulosa (Figure 2-Figure 5) appears to be sciaphilous 
(shade-loving or shade tolerant) (du Mortier 1874; 
Armitage 1918; Guerra 1982; Jiménez et al. 1986; Losasa 
Lima & Beltrán Tejera 1987; Puglisi & Privitera 2009; 
Blockeel 2012; Osman et al. 2019).  
 
Figure 16.  Anthoceros punctatus, a species that often occurs 
with Fossombronia angulosa.  Photo from Proyecto Musgo 
through Creative Commons. 
In surprising contrast, Preston et al. (2011) report the 
Fossombronia angulosa-Phaeoceros laevis (Figure 2-
Figure 5; Figure 14) association from a "very well-
illuminated" habitat in relatively dry places.  These 
locations have higher January and July temperatures than 
those of any other species cluster, as well as experiencing 
relatively low annual precipitation.  Some occur on waste 
by copper mines and in china-clay quarries. 
Fossombronia angulosa (Figure 2-Figure 5) is rare in 
many countries.  Pedrotti and Aleffi (2011) attributed its 
disappearance or threatened state to human activity and 
industrialization, especially exploitation of areas such as 
peatlands in the Alps. 
Adaptations 
Fossombronia angulosa has horizontal to patent 
leaves that are usually nearly plane (Figure 17) (Stotler et 
al. 2005).  This form minimizes surface exposure and thus 
should contribute to reducing moisture loss. 
 
 
Figure 17.  Fossombronia angulosa growing horizontally.  
Photo by Jan-Peter Frahm, with permission. 
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Reproduction 
 Fossombronia angulosa (Figure 2-Figure 5) is a 
robust, dioicous plant (Stotler et al. 2005) with clearly 
visible antheridia (Figure 18).  Reinoso (1985) reported that 
Fossombronia angulosa was a frequent species in parts of 
Galicia, where it formed extensive lawns that were fertile 
most of the times it was collected.  It has been the subject 
of several studies related to its reproduction.  Vian (1969, 
1970) published observations on the evolution of 
intercellular substances during spermatogenesis.  Bajon-
Barbier (1997) made ultrastructural studies on the 








Figure 18.  Fossombronia angulosa with antheridia.  Photo 







Showalter (1927) described cytology involved in 
fertilization.  He gave detailed descriptions of the sexual 
organs and observed that sexual organs occurred in almost 
any season, but were most common in autumn and early 
winter.  The egg is apparently viable for fertilization for "a 
considerable length of time."  Following artificial 
insemination, several to 12 eggs were fertilized on a 
thallus.  It required 6-9 days for the zygote to undergo its 
first division, following an increase in size.  Sperm from 
the moss Funaria hygrometrica (Figure 19-Figure 20) 
were also able to penetrate the eggs, but these did not 
initiate development of an embryo.  Sphaerocarpos 
donnellii (Figure 21) sperm were likewise able to penetrate 
and they were able to begin, but not complete, embryonic 
cell division.  More than one Fossombronia angulosa 
(Figure 2-Figure 5) sperm can penetrate the same egg, but 
there is no evidence that more than one male nucleus ever 
penetrates the egg nucleus.  Even in fully fertilized eggs, 
when multiple zygotes are formed on the same thallus, 
some of the zygotes do not undergo further development.  
Even so, 4-8 embryos may develop and become mature 
sporophytes (Figure 22-Figure 23) on one female thallus. 
 
Figure 19.  Funaria hygrometrica, a species whose sperm 
can penetrate the eggs of Fossombronia angulosa.  Photo by Bob 
Klips, with permission. 
 
 
Figure 20.  Funaria hygrometrica antheridia, source of 
sperm that can penetrate the eggs of Fossombronia angulosa.  
Photo by Dale A. Zimmerman Herbarium, Western New Mexico 
University, with permission. 
 
 
Figure 21.  Sphaerocarpos donnellii, a species whose sperm 
can penetrate the eggs of Fossombronia angulosa and initiate 
embryo development.  Photo by Belinda Lo through Creative 
Commons. 
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Figure 22.  Fossombronia angulosa with capsule.  Photo by 










Figure 23.  Fossombronia angulosa with capsules, some of 









Leforestier (1975) described the spores (Figure 24) of 
Fossombronia angulosa (Figure 2-Figure 5) under both 
light and scanning microscopy and later described the germ 
tube (Figure 25-Figure 26) (Leforestier 1979).  Castaldo-
Cobianchi and Giordano (1986) further described the spore 
wall morphology.  Gambardella (1987) described the 
surface features in detail, based on both SEM and TEM 
microscopy.  Spores are produced in spring (Schuster 
1992).  Chromosome numbers have been reported as n = 9 
(Mehra 1938; Newton 1975). 
 
Figure 24.  Fossombronia angulosa spores and elaters.  
Photo by Hugues Tinguy, with permission. 
 
 
Figure 25.  Fossombronia angulosa germinating spore.  
Photo from Plant Actions, with permission. 
 
 
Figure 26.  Fossombronia angulosa young protonema.  
Photo from Plant Actions, with permission. 
Biochemistry 
I have been unable to find any information on oil  
bodies in Fossombronia angulosa.  Figure 27 suggests that 
they might be tiny and diffuse, difficult to detect. 
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Figure 27.  Fossombronia angulosa cells with what might 
be oil bodies.  Photo by Hugues Tinguy, with permission. 
Fossombronia angulosa (Figure 2-Figure 5) has been 
the subject of biochemical evolution.  Based on the Greek 
populations studied, it has some of the same compounds  
[dictyotene, the main compound of the volatile fraction 
(14.1%), (Z)-multifidene, and dictyopterene] as that found 
in the brown algae (Ludwiczuk et al. 2008; Asakawa & 
Ludwiczuk 2017).  Dictyotene is the major volatile 
compound (Asakawa & Ludwiczuk 2917).  Fossombronia 
angulosa emits a seashore odor that is caused by dimethyl 
sulfide.  Other identified compounds include 
biosynthesized cyathane-type diterpenoids, 2-tridecanone 
(13.0%), and β-sabinene (11.7%).  Von Reuß (2009) found 
C11 hydrocarbons, dictyopterene A, ectocarpene, and 
dictyotene, compounds that are known as brown algal 
pheromones (chemical substances produced by organism 
and serves especially as stimulus to other individuals of the 
same species for one or more behavioral responses, often as 
attractants for opposite sex).  Von Reuß also identified a 
new pentylbenzene. 
Fossombronia australis (Figure 28-Figure 29) 
Distribution 
Fossombronia australis (Figure 28-Figure 29) occurs 
in Australia, New Zealand, and the sub-Antarctic 





Figure 28.  Fossombronia australis.  Photo by Bruce Fuhrer, 
©CANBR (Centre for Australian National Biodiversity Research, 
<http://www.cpbr.gov.au/cpbr/>, with permission. 
 
Figure 29.  Fossombronia australis showing purple rhizoids.  
Photo by D. Christine Cargill, ©CANBR (Centre for Australian 
National Biodiversity Research, <http://www.cpbr.gov.au/cpbr/>, 
with permission. 
Aquatic and Wet Habitats 
Fossombronia australis (Figure 28-Figure 29) occurs 
in low elevation wetlands in regions near the Antarctic 
(Crandall-Stotler & Gradstein 2017).  Campbell (1988) 
considered its partial submersion to be sufficiently 
diagnostic to include the character in her key to Australian 
species.  She reported it for wet, shady banks or as dense, 
partially submerged colonies in freshwater swamps and 
Sphagnum mires (Figure 30).  Glenny (1995) reported it 
from a flush next to a stream in New Zealand. 
 
 
Figure 30.  Sphagnum cristatum mire in Australia.  Photo by 
M. Fagg, ©ANBG (Australian National Botanic Gardens), 
<http://www.anbg.gov.au/photo/image-collection.html>, with 
online permission. 
  Carcaillet (1993) reported Fossombronia australis 
(Figure 28-Figure 29) with Azorella selago (Figure 31) in 
peat bogs of Crozet Island in the Southern Ocean.  Váňa 
and Gremmen (2005) found it on all parts of nearby Heard 
Island, often associated with Azorella or Poa cookii (Figure 
32).  The area was influenced by birds and seals that are 
possible dispersal agents.  On the same island, Bergstrom 
and Selkirk (2000) found it on gravel at the edge of 
Azorella selago cushions or growing between branches of 
A. selago.  Its rhizoids were anchored in a mixture of 
humic material typically consisting of abscised leaves and 
accumulated wind-blown sediment.  At the margins of 
pools it grew with species of the moss Brachythecium 
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(Figure 10) in moist or wet areas.  They considered 




Figure 31.  Cushions of Azorella selago in the Kerguelen 
Islands, a flowering plant species that may have Fossombronia 
angulosa growing with it in peat bogs of Crozet Island in the 








Figure 32.  Poa cookii, a grass species that may have 
Fossombronia angulosa growing with it in peat bogs of Crozet 
Island in the Southern Ocean.  Photo M. Grun, through Creative 
Commons. 
In the sub-Antarctic islands, Smith and Mucina (2006) 
found Fossombronia australis (Figure 28-Figure 29) 
among submerged and floating macrophytes in the lakes 
and tarns, as well as in fernbrakes. 
Reproduction 
Fossombronia australis (Figure 28-Figure 29) is 
dioicous (Campbell 1988), producing spherical antheridia 
on separate plants (Figure 33), perhaps explaining its lack 
of abundance despite being widespread within its 
distribution.  Nevertheless, capsules are known (Figure 34), 
so dispersal by spores is possible (Figure 35). 
 
Figure 33.  Fossombronia australis antheridia.  Photo by D. 
Christine Cargill, ©CANBR (Centre for Australian National 
Biodiversity Research, <http://www.cpbr.gov.au/cpbr/>, with 
permission. 
 
Figure 34. Fossombronia australis capsule.  Photo by D. 
Christine Cargill, ©CANBR (Centre for Australian National 
Biodiversity Research, <http://www.cpbr.gov.au/cpbr/>, with 
permission. 
 
Figure 35.  Fossombronia australis spores, SEM.  Photo by 
D. Christine Cargill, ©CANBR (Centre for Australian National 
Biodiversity Research, <http://www.cpbr.gov.au/cpbr/>, with 
permission. 
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Role 
For such a little known species, it is surprising to learn 
that Chown and Scholtz (1989) have documented that 
Fossombronia australis (Figure 28-Figure 29) is consumed 
by the curculionid beetles Mesembriorrhinus brevis and 
Dusmoecetes marioni on the sub-Antarctic Prince Edward 
Islands.  Few records of herbivory by specific insects are 
available on liverworts. 
 
Fossombronia caespitiformis subsp. 
multispira (Figure 37-Figure 39) 
(syn. = Fossombronia husnotii) 
Fossombronia caespitiformis (Figure 36-Figure 39) is 
highly variable.  Stotler et al. (2005) considered it to 
comprise two subspecies:  F. caespitiformis subsp. 
caespitiformis (Figure 36) and F. caespitiformis subsp. 
multispira (Figure 37-Figure 39).  I have found records of 




Figure 36.  Fossombronia caespitiformis, a highly variable 
Mediterranean species.  Photo by Des Callaghan, with permission. 
 
 
Figure 37.  Fossombronia caespitiformis subsp. multispira 
in Europe.  Photo by Michael Lüth, with permission. 
 
Figure 38.  Fossombronia caespitiformis subsp. multispira.  
Photo by Jan-Peter Frahm, with permission. 
 
 
Figure 39.  Fossombronia caespitiformis subsp. multispira.  
Photo by Michael Lüth, with permission. 
Distribution 
Like so many of the liverworts, confusion in the 
taxonomy of Fossombronia caespitiformis subsp. 
multispira (Figure 37-Figure 39) (Lockhart et al. 2012) has 
made it difficult to describe the distribution of this variety 
(Poponessi et al. 2016).  It is known from most of the 
Mediterranean countries as well as Madeira in the Canary 
Islands (González Mancebo et al. 2007; Ros et al. 2007), 
but is rare in Italy (Aleffi et al. 2008) and Critically 
Endangered there (Poponessi et al. 2916).  Sérgio et al. 
(2011) recorded it from Portugal and Pericàs et al. (2016) 
as new from Minorca, Spain.  Sotiaux et al. (2009) 
extended its known range to Belgium.  It is also known 
from Ireland, but is listed as "data deficient" regarding its 
rarity (Kingston 2012).  Blockeel (2020) verified its 
occurrence in Greece.  But it is apparently even more 
widespread than indicated by these authors; Fischer (1993) 
reported it from Rwanda. 
It is very rare in the cork oak forest of Morocco (El 
Harech et al. (2020)  and on the Montseny Massif of the 
Iberian Peninsula (Sáez et al. 2018). 
Aquatic and Wet Habitats 
Although Fossombronia caespitiformis subsp. 
multispira (Figure 37-Figure 39) is quite rare in most of 
Italy, Poponessi et al. (2016) found it to be moderately 
abundant on water-logged soil (Figure 40-Figure 41) 
associated with temporary ponds in central Italy, 
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accompanied by Isoetes histrix (a lycopod; Figure 42).  
Puglisi et al. (2015) similarly found it associated with 
temporary ponds in Italy.  In fact, Poponessi et al. (2018) 
found it to be one of the two bryophyte communities in 
these habitats.  It was the dominant species in one, 
accompanied by Riccia sorocarpa (Figure 43) on 
waterlogged, clayey-sandy soil in heathland clearings 
(Figure 44).  Hugonnot and Simont (2018) found a similar 
habitat for Fossombronia caespitiformis subsp. multispira 
in temporarily wet lawns in Corse-du-Sud, France, a habitat 
where grazing contributes to its ecology.  It is also known 
from rivers (Ferreira et al. 2008).  Cogoni et al. (2016) 
described the species as hygro-xerophytic, noting its 
presence in temporary ponds, where it had a frequency 




Figure 40.  Fossombronia caespitiformis on mud.  Photo by 
Michael Lüth, with permission. 
 
 
Figure 41.  Fossombronia caespitiformis subsp. multispira 
on muddy soil in Europe.  Photo by Michael Lüth, with 
permission. 
 
Figure 42.  Isoetes histrix, a species that accompanies 
Fossombronia caespitiformis subsp. multispira in temporary 




Figure 43.  Riccia sorocarpa, a species that accompanies 
Fossombronia caespitiformis subsp. multispira in temporary 
ponds.  Photo by Hugues Tinguy, with permission. 
 
 
Figure 44.  Heathland, a habitat where one can find 
Fossombronia caespitiformis subsp. multispira in Italy.  Photo 
from <mdpi.com>, through Creative Commons. 
Substrata of Fossombronia caespitiformis subsp. 
multispira can include litter (Figure 45), as well as soil and 
rocky mixes.  They also be a  part of hummocks (Figure 
46). 
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Figure 45.  Fossombronia caespitiformis subsp. multispira 
on litter in Europe.  Photo by Michael Lüth, with permission. 
 
 
Figure 46.  Fossombronia caespitiformis subsp. multispira 
in a hummock.  Photo by Michael Lüth, with permission. 
 
Sotiaux et al. (2009) found that Fossombronia 
caespitiformis subsp. multispira (Figure 37-Figure 39) is 
typical of intensive arable (describes land used or suitable 
for growing crops) fields (Figure 47).  This habitat is often 
similar to that of temporary ponds, in particular requiring 




Figure 47.  Fossombronia caespitiformis subsp. multispira 
appearing as it could in arable fields.  Photo by Michael Lüth, 
with permission. 
Fossombronia caespitiformis subsp. multispira 
(Figure 37-Figure 39) is able to inhabit rocky areas (Figure 
48).  Blockeel (2012) reported it from schistose banks as 
well as thin soil in western Crete.  Blockeel (2020) also 
found it on phyllite rocks on the sheltered gravelly track in 






Figure 48.  Fossombronia caespitiformis subsp. multispira 
on rocky bank.  Photo by Michael Lüth, with permission. 
As noted by Gabriel et al. (2011), approximately one-
fourth of European bryophytes are under actual or potential 
threat.  Gabriel and coworkers used geographical 
distribution, abundance, and habitat specificity to develop a 
list of such bryophytes in the Azores.  Fossombronia 
caespitiformis subsp. multispira (Figure 37-Figure 39) is 
present in the Azores, where it grows in coastal wetlands 
(Gabriel et al. 2019), but its threat status was not listed by 




  Cogoni et al. (2016) reported that Fossombronia 
caespitiformis subsp. multispira (Figure 37-Figure 39) is 
typically solitary and creeping.  In the temporary ponds 
where it lives in parts of the Mediterranean, a 
pauciennial/perennial life strategy permits it to take 
advantage of the periods of adequate moisture (Puglisi et 
al. 2016).  In the Mediterranean temporary ponds, it is a 
short-lived shuttle species.  In that location, its sexual 
reproduction is abundant, but asexual reproduction is 
absent or rare.  Despite its frequent sexual reproduction, its 
dispersal is short-range, most likely due to the large size of 
its spores, but assuring that most of the spores will fall on a 
suitable habitat.  Furthermore, the somewhat large spores 
(32-35 µm) (Sotiaux et al. 2009) provide it with the 
resources to be more successful upon germination. 
Fossombronia caespitiformis subsp. multispira 
(Figure 37-Figure 39) sometimes grows with other 
bryophytes (Figure 49), possibly benefitting from their 
presence to help in retaining moisture. 
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Figure 49.  Fossombronia caespitiformis subsp. multispira 
growing with mosses.  Photo by Barry Stewart, with permission. 
Like many species of Fossombronia, F.  
caespitiformis subsp. multispira (Figure 37-Figure 39) has 
violet rhizoids (Figure 50).  It would be interesting to 
follow the evolutionary pathway to this unusual character, 
perhaps permitting us to determine why they have persisted 
in the genus. 
 
 
Figure 50.  Fossombronia caespitiformis with violet 
rhizoids.  Photo by Tom Thekathyil, with permission. 
Reproduction 
Several authors (Mansion 1905; Puglisi et al. 2016) 
have noted that Fossombronia caespitiformis subsp. 
multispira (Figure 37-Figure 39) is abundantly fertile 
(Figure 51-Figure 60).  Its spores (Figure 61) are relatively 
large (Sotiaux et al. 2009), partially compensating for the 
absence of specialized asexual reproduction by increasing 
the success of short-distance dispersal.  The spores 
germinate to form a thalloid protonema (Figure 62). 
 
Figure 51.  Fossombronia caespitiformis developing 




Figure 52.  Fossombronia caespitiformis in habitat showing 
nearly mature capsules before seta elongation.  Photo by Michael 
Lüth, with permission. 
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Figure 53.  Fossombronia caespitiformis showing capsules 




Figure 54.  Fossombronia caespitiformis before seta 
elongation.  Photo by Andras Keszei, with permission. 
 
 
Figure 55.  Fossombronia caespitiformis as setae begin to 
elongate.  Photo by Jan-Peter Frahm, with permission. 
 
Figure 56.  Fossombronia caespitiformis with capsules and 







Figure 57.  Fossombronia caesitiformis capsules with 
elongated seta.  Photo by Andras Keszei, with permission. 
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Figure 58.  Fossombronia caespitiformis capsule showing 
surface.  Photo by Andras Keszei, with permission. 
 
 
Figure 59.  Fossombronia caespitiformis subsp. multispira 




Figure 60.  Fossombronia caespitiformis capsule opening, 
showing the irregular breakage of the capsule.  Photo by Tom 
Thekathyil, with permission. 
 
Figure 61.  Fossombronia caespitiformis spores and elaters.  




Figure 62.  Fossombronia caespitiformis protonema.  Photo 









Fossombronia cristula (Figure 63-Figure 65) 
Distribution 
Fossombronia cristula (Figure 63-Figure 65) is 
endemic to the eastern United States and has been reported 
from Connecticut, Illinois, Indiana, Massachusetts, 
Maryland, Michigan, New Jersey, New York, North 
Carolina, Ohio, Tennessee, and West Virginia (Crandall-
Stotler & Bray 2019).  
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Figure 63.  Fossombronia cristula, an endemic species in 
eastern USA.  Photo by Kochibi, through Creative Commons. 
 
 
Figure 64.  Fossombronia cristula.  Photo by Kochibi, 
through Creative Commons. 
 
 
Figure 65.  Fossombronia cristula.  Photo by Kochibi, 
through Creative Commons. 
Aquatic and Wet Habitats 
 
Fossombronia cristula (Figure 63-Figure 65) occurs 
on moist, denuded soils (Figure 66-Figure 68), often in 
disturbed habitats such as paths or ditches, and on lake or 
stream banks, typically at low to moderate elevations 







Figure 66.  Fossombronia cristula among graminoids.  







Figure 67.  Fossombronia cristula on disturbed soil.  Photo 
by Kochibi, through Creative Commons. 
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Figure 68.  Fossombronia cristula on disturbed soil.  Photo 
by Kochibi, through Creative Commons. 
Reproduction 
Fossombronia cristula (Figure 63-Figure 65) is  
monoicous (Crandall-Stotler & Bray 2019).  The 
antheridia (Figure 69-Figure 70) are intermixed with 
archegonia and develop simultaneously with them.  The 
seta expands to about 3.4 mm and the capsule (Figure 71) 




Figure 69.  Fossombronia cristula with yellow antheridia.  
Photo by Kochibi, through Creative Commons. 
 
 
Figure 70.  Fossombronia cristula antheridia.  Photo by 
Kochibi, through Creative Commons. 
 
Figure 71.  Fossombronia cristula with developing capsules 





Spores (Figure 72) have a wide size range, tending on 
the large size (36-50 µm).  Renzaglia and Bartholomew 
(1985) described sporeling development and its 






Figure 72.  Fossombronia cristula spores.  Photo by Tom 





It appears that oil bodies have not been found in many 
species of Fossombronia.  Based on Figure 73, there 
appear to be small oil bodies in the cells of Fossombronia 
cristula (Figure 63-Figure 65). 
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Figure 73.  Fossombronia cristula leaf cells, showing oil 







Fossombronia delgadilloana (Figure 74-Figure 
75) 
Distribution 
Fossombronia delgadilloana (Figure 74-Figure 75) is 
a recent species known only from the Latin American area 
– Mexico, high Andes of Venezuela, and Ecuador 






Figure 74.  Fossombronia delgadilloana, a species of high 
elevations in Mexico, Venezuela, and Ecuador.  Photo by Barbara 
Crandall-Stotler, with permission. 
 
Figure 75.  Fossombronia delgadilloana male with young 
antheridia. Photo by Barbara Crandall-Stotler, modified, with 
permission. 
Aquatic and Wet Habitats 
Fossombronia delgadilloana occurs submerged in 
high elevation mires of Latin America (Figure 76-Figure 
78) (Crandall-Stotler et al. 2019).  In Ecuador, it occurs in 
partly burned Polylepis forest, in streaming water, deeply 
shaded, at 3750 m (Gradstein 2021). 
 
 
Figure 76.  Fossombronia delgadilloana general habitat.  
Photo by Barbara Crandall-Stotler, with permission. 
 
Figure 77.  Fossombronia delgadilloana habitat.  Photo by 
Barbara Crandall-Stotler, with permission. 
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Figure 78.  Fossombronia delgadilloana habitat at high 
elevation in Andes.  Photo by Barbara Crandall-Stotler, with 
permission. 
Reproduction 
Fossombronia delgadilloana (Figure 74-Figure 75) 
has "widely dispersed antheridia" (Figure 79-Figure 80) 
(Crandall-Stotler et al. 2019).  Capsules are known (Figure 
81); spores are > 40 µm in diameter (Figure 82-Figure 83). 
 
 
Figure 79.  Fossombronia delgadilloana with young 
antheridia.  Photo by Barbara Crandall-Stotler, modified, with 
permission. 
 
Figure 80.  Fossombronia delgadilloana with dehisced 
antheridia (at arrow).  Photo by Barbara Crandall-Stotler, 
modified, with permission. 
 
Figure 81.  Fossombronia delgadilloana with sporophyte, 







Figure 82.  Fossombronia delgadilloana capsule and spores.  
Photo by Barbara Crandall-Stotler, with permission. 
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Figure 83.  Fossombronia delgadilloana spore SEM.  Photo 




Fossombronia delgadilloana has small (15-20 µm 
diameter) oil bodies (Figure 84).  We can expect these to 
have secondary compounds that help to protect the plant 
from pathogens or herbivory, but no studies have been 




Figure 84.  Fossombronia delgadilloana leaf cells showing 
small oil bodies and scattered chloroplasts.  Photo by Barbara 
Crandall-Stotler, modified, with permission. 
Fossombronia foveolata (Figure 85-Figure 90) 
Fossombronia foveolata (Figure 85-Figure 90) has 
been variously considered and is perhaps best treated as a 
complex.  Among the names I have encountered in aquatic 
and wet habitat studies, I here include Fossombronia 
salina, a species that recent authors have placed in F. 
foveolata (Scott & Pike 1987).  Species determination is 
often complicated by the absence of one or the other sexual 
organs in monoicous plants, causing some researchers to 
treat them dioicous and therefore not belonging to F. 
foveolata. 
 
Figure 85.  Fossombronia foveolata, a Holarctic species.  







Figure 86.  Fossombronia foveolata habit.  Photo by Kristian 







Figure 87.  Fossombronia foveolata.  Photo by Jouko 
Rikkinen, through Creative Commons. 
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Figure 88.  Fossombronia foveolata.  Photo by Jouko 





Figure 89.  Fossombronia foveolata forming a dense turf.  





Figure 90.  Fossombronia foveolata.  Photo by Dick 
Haaksma, with permission. 
Distribution 
Schuster (1992) describes Fossombronia foveolata 
(Figure 85-Figure 90) as widespread temperate and cooler 
Holarctic in Europe and North America, but apparently 
absent from Asia, a content that is included in later reports.  
It is often a pioneer on bare soil, but also occurs on sandy 
or rocky margins of lakes and occasionally in bogs. 
ITIS (2021) lists its distribution as Africa, Caribbean, 
Europe, Northern Asia, North America, Central America, 
and South America.  Müller (2000) reported it from the 
East African Islands of Réunion and Mauritius. 
Konstantinova (2000) considered Fossombronia 
foveolata (Figure 85-Figure 90) to be a North Holarctic 
liverwort.  In Asia, it is known from Russia (Dulin 2015).  
In Europe, it is known from Estonia (rare) (Ingerpuu et al. 
2014; Vellak et al. 2015), Romania (Ştefănuţ & Maria 
2018), Poland (vulnerable) (Staniaszek-Kik 2014; Klama & 
Górski 2018), and the British Isles (Smith 1978). 
In North America it extends from Alaska southward to 
Mexico and the Caribbean islands.  Evans (1916) reported 
Fossombronia foveolata (Figure 85-Figure 90) from 
Quebec, Canada.  Crandall-Stotler and Bray (2019) added 
British Columbia, Newfoundland, Nova Scotia, and 
Ontario to its Canadian locations.  Andrew (1931) reported 
it from New York, Sharp (1939) from Tennessee, and 
Miller (1964) found reports from Indiana, Michigan, New 
York, West Virginia, and Ohio in the USA.  Spencer 
(1993) added Maine and Wheeler et al. (1983) added 
Minnesota.  Crandall-Stotler and Bray (2019) added 
Arkansas, Connecticut, Delaware, Illinois, Kentucky, 
Louisiana, Maryland, Massachusetts, Mississippi, Missouri, 
New Hampshire, New Jersey, North Carolina, Oklahoma, 
Oregon, Pennsylvania, Rhode Island, South Carolina, 
Texas, Vermont, Washington, and Wisconsin, attesting to 
its widespread distribution.  Yet, some states imbedded 
among these are missing, suggesting a lack of collecting in 
places like Pennsylvania.   
In addition to North America, it is known from Europe 
and from the African locations of Azores, Madagascar, 
Morocco, South Africa, Tanzania, and Zaïre (Crandall-






Aquatic and Wet Habitats 
Nichols (1918) reported Fossombronia foveolata 
(Figure 85-Figure 90) from rocks (Figure 91) on ravine 
streambanks (Figure 92), Cape Breton Island, Canada.  
Cain and Fulford (1948) similarly found it along river 
banks, but also on wet soil along lake shores in Ontario.  
Steere (1934) found it on the clay shore of Carp Lake in 
Michigan, USA.  McFarlin (1940) found it in a low 
hammock along a creek in Florida.  In Kentucky, USA, 
Norris (1967) found it on a grassy stream bank.  Blomquist 
(1936) reported it from bare clayey soils in forests, stream 
edges, springs, and ponds.  Andreas and Moosbrugger 
(2021) found it on moist clay soil in Ohio.  Saadi et al. 
(2020) reported it from both aquatic and sub-aquatic soil in 
Morocco, occurring in the ravine of a river and from shady 
siliceous soil, and as in most places, it is very rare.  Simons 
and Jansen (2018) found it in oligotrophic ponds in The 
Netherlands.  Bosanquet et al. (2018) reported it from 
reservoirs, lakes, ponds, and lowland heath (Figure 44) in 
the British Isles. 
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Figure 91.  Fossombronia foveolata on rock of a stream 
bank.  Photo by Jouko Rikkinen, through Creative Commons. 
 
 
Figure 92.  Fossombronia foveolata habitat on a stream 
bank.  Photo by Tom Neily, through Creative Commons. 
Jacobs (1949) reported Fossombronia foveolata 
(Figure 85-Figure 90) from seasonally moist clay in 
locations that become periodically dry.  Similarly, it is a 
species that finds the margins of ponds (Figure 93) to be a 
suitable habitat (Maine, USA – Taylor 1921; New York – 
Burnham 1929; Dorset – Aquilina 2010; France – Bardet & 
Douchin 2017).  In such habitats, the liverworts can be 
immersed in winter, abruptly being exposed out of water 
again in the spring (Bardet & Douchin 2017).  Such 
exposure also occurred at Sindor Lake in Russia (Dulin 
2015) and at the wet edge of Aughnagurgan Lough in 
Ireland (Fitzgerald & Fitzgerald 1967).  Rikkinen (1992) 
noted its presence on peat (Figure 94), mineral soil, and 
well-decayed wood on the periodically flooded margins of 
ponds in Finland. 
 
Figure 93.  Fossombronia foveolata on a pond margin.  
Photo by Dick Haaksma, with permission. 
 
Figure 94.  Fossombronia foveolata with Sphagnum.  Photo 
by Jouko Rikkinen, through Creative Commons. 
Sharp (1939) described the habitat of  Fossombronia 
foveolata (Figure 85-Figure 90) in Tennessee, USA, as 
moist open soil (Figure 95), where it was uncommon.  
Barringer (2011) noted that it prefers clay soils, occurring 
on exposed clay (Figure 96) and moist sand in New Jersey.  
Sabovljevic et al. (2010) reported it from mud in 
southeastern Europe.  Preston et al. (2011) characterized it 
as preferring damp, acidic (see also Crandall-Stotler & 
Bray 2019) habitats as a pioneer in the British Isles.  Its 
range of habitats also includes open, sloping sandstone 
among scrub oaks and very thin sandy soil mixed with 
woody debris (Wittlake 1954).  It also seems able to inhabit 
ditches, as seen in Figure 97 by Kobichi. 
 
 
Figure 95.  Fossombronia foveolata on moist soil.  Photo by 
Jouko Rikkinen, through Creative Commons. 
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Figure 96.  Fossombronia foveolata on open clay soil.  




Figure 97.  Fossombronia foveolata habitat along ditch.  
Photo by Kochibi, through Creative Commons. 
Its habitats include swamps, fens, and bogs.  Ingerpuu 
et al. (2014) considered Fossombronia foveolata (Figure 
85-Figure 90) to be a vulnerable species occurring rarely in 
Estonian fens.  Staniaszek-Kik (2014) reported it from peat 
bogs and swamp forest depressions.  In Minnesota, USA, it 
occurs in the Red Lake Peatland (Wheeler et al. 1983).  
Bradáčová et al. (2015) reported it from peaty and sandy 
soil along water-filled depressions in rich fens of Bohemia, 
as well as on bare soil of a wet, shaded path.  In a 
somewhat similar habitat, Paton (1974) reported it from a 
dried out wet hollow on heath (Figure 44) in the British 
Isles.  In Lithuania, Fossombronia foveolata occurred on 
bare peat in a swampy black alder forest (Jukonienė et al. 
2013).  In another seasonally wet habitat it occurs on the 
edges of snowbanks in the tundra of Alaska (Hermann 
1973).  
Fossombronia foveolata (Figure 85-Figure 90) also 
occurs in grasslands in the western Ghats of India (Manju 
& Rajesh 2009).  Its occurrence in grassy cemeteries in the 
Interior Highlands of Arkansas might ensure that it is wet 
at times, perhaps seasonally, but we have no indication of 
that (Kyzer & Marsh 1999). 
As noted earlier, Fossombronia salina may be a 
synonym of Fossombronia foveolata (Figure 85-Figure 
90).  This variant is known from saline situations, but it has 
also been collected from a swamp in Connecticut, USA 
(Evans 1901).  Nevertheless, that location was less than 1 
km from salt water. 
Adaptations   
Fossombronia foveolata (Figure 85-Figure 90) forms 
small patches (Figure 98-Figure 102) or tight mats (Figure 
103-Figure 104), the latter helping to conserve water during 
dry periods (Crandall-Stotler & Bray 2019).  This helps to 




Figure 98.  Fossombronia foveolata patches on mud.  Photo 
by Dick Haaksma, with permission. 
 
 
Figure 99.  Fossombronia foveolata patch on mud.  Photo by 
Dick Haaksma, with permission. 
 
 
Figure 100.  Fossombronia foveolata in patches on mud.  
Photo by Dick Haaksma, with permission. 
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Figure 101.  Fossombronia foveolata patches on mud.  
Photo by Dick Haaksma, with permission. 
 
 
Figure 102.  Fossombronia foveolata in patches on mud.  
Photo by Dick Haaksma, with permission. 
 
 
Figure 103.  Fossombronia foveolata forming a tight mat.  
Photo by Jouko Rikkinen, through Creative Commons. 
 
Figure 104.  Fossombronia foveolata dense turf.  Photo by 
Jan-Peter Frahm, with permission. 
Fossombronia foveolata (Figure 85-Figure 90) is pure 
green, but cell walls rarely become brown in the sun 
(Figure 105) (Schuster 1992). On the other hand, Evans 
(1901) observed that Fossombronia salina, considered by 
most to be synonymous with  F. foveolata, is dark green, 
becoming paler or brownish with age.  The Fossombronia 
foveolata thallus is flat to strongly wavy, with purple 
rhizoids (Figure 106).  This raises the question of the role 




Figure 105.  Fossombronia foveolata that is green, but older 
parts have become brown.  Photo by Jouko Rikkinen, through 
Creative Commons. 
 
Figure 106.  Fossombronia foveolata with purple rhizoids.  
Photo by Paul Davison, with permission. 
1-13-26  Chapter 1-13:  Aquatic and Wet Marchantiophyta, Order Fossombroniales, part 1 
Wood (2007) found that Fossombronia foveolata 
(Figure 85-Figure 90) is desiccation tolerant (Figure 107) 
down to 30% relative humidity.  In Central Europe, it 
occurs in moderately low nutrient sites, with an Ellenberg 






Figure 107.  Fossombronia foveolata in dry state.  Photo by 






Fossombronia foveolata (Figure 85-Figure 90) is an 
annual (Schuster 1992).  It is monoicous [paroicous or 
synoicous (Scott & Pike 1987; Crandall-Stotler & Bray 
2019)], usually producing predominantly archegonia with 
few antheridia (Figure 108-Figure 109) intermixed, but 
mostly spatially separated.  Bray (1997) explored the life 
history and reproduction of F. foveolata for his doctoral 
dissertation.  The species is protandrous (antheridia 
produced before archegonia) (Crandall-Stotler & Bray 
2019).  Sporophytes (Figure 110-Figure 117) are produced 





Figure 108.  Fossombronia foveolata with a few yellow 
antheridia.  Photo by J. C. Schou, with permission. 
 
Figure 109.  Fossombronia foveolata with yellow antheridia.  
Photo by J. C. Schou, with permission. 
 
 
Figure 110.  Fossombronia foveolata with young capsules.  
Photo by Kochibi, through Creative Commons. 
 
 
Figure 111.  Fossombronia foveolata young capsule.  Photo 
by J. C. Schou, with permission. 
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Figure 112.  Fossombronia foveolata with young capsule.  




Figure 113.  Fossombronia foveolata with capsule as seta 




Figure 114.  Fossombronia foveolata with capsule with an 
elongating seta.  Photo by Bob Klips, with permission. 
 
Figure 115.  Fossombronia foveolata with developing 




Figure 116.  Fossombronia foveolata with elongated setae 
and mature capsules.  Photo by J. C. Schou, with permission. 
 
 
Figure 117.  Fossombronia foveolata with maturing, mature, 
and dehiscing capsules.  Photo by  J. C. Schou, with permission 
Evans (1901) found that the unusual Fossombronia 
salina, which is currently considered a likely form or 
variety of Fossombronia foveolata (Figure 85-Figure 90), 
had not yet produced mature sporophytes in late summer or 
early autumn in New Jersey, USA.   On the other hand, 
numerous, somewhat immature, capsules were present in 
late May in a more northern coastal swamp population in 
Connecticut, USA.  As further testament to the variability 
in sporophyte production, Suragina et al. (2002) reported 
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that few of the plants they found in the Volgograd Province 
in Russia had sporophytes with mature spores. 
Scott and Crandall-Stotler (2002) demonstrated a high 
degree of homozygosity in the sporophytes of 
Fossombronia.  Within Fossombronia foveolata (Figure 
85-Figure 90) in southern Illinois, the genetic 
differentiation exhibited low levels.  This resulted in little 
polymorphism among the southern Illinois populations.  
The species furthermore exhibited short-distance sperm and 
spore dispersal, indicating that the populations there were 
probably the result of a single founder population that has 
spread through inbreeding and vegetative propagation. 
Spores (Figure 118-Figure 120) of Fossombronia 
foveolata (Figure 85-Figure 90) are brown to dark 





Figure 118.  Fossombronia foveolata spores and elaters.  
Photo by David T. Holyoak, with permission. 
 
 
Figure 119.  Fossombronia foveolata spores and elater.  
Photo by Hugues Tinguy, with permission. 
 
Figure 120.  Fossombronia foveolata SEM of spore.  Photo 
by Barbara Crandall-Stotler, with permission. 
Thomas et al. (1979) explored the sporophyte (Figure 
110-Figure 117) nutrition in Fossombronia foveolata 
(Figure 85-Figure 90).  They found that the sporophyte 
(separated from the gametophyte) was capable of fixing 
CO2.  In fact, the ratio of the ability to fix CO2 per mg fresh 
weight ranged 0.13 to 0.39 in the five liverworts tested.   
Fungal Interactions 
Hoysted et al. (2019) reported that Mucoromycotina 
fungi colonized the gametophytes of Fossombronia 
foveolata (Figure 85-Figure 90).  Field and Pressel (2018) 
reported that this liverwort has both Glomeromycota and 
Mucoromycota fungi (Figure 121).  Rimington et al. 





Figure 121.  Fossombronia foveolata with 
Mucoromycotina and Glomeromycotina.  Photo by Katie Field 
and Silvia Pressel, with permission. 
Biochemistry 
Fossombronia foveolata (Figure 85-Figure 90) 
typically has 6-9 oil bodies (Figure 122) per cell (Schuster 
1992). 
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Figure 122.  Fossombronia foveolata leaf cells and what 
appear to be oil bodies.  Photo by Hugues Tinguy, with 
permission. 
Basile and Basile (1987) demonstrated the presence of 
arabinogalactan-proteins (AGP's) in bryophytes, including 
Fossombronia foveolata (Figure 85-Figure 90) (see also 
Classen et al. 2019).  These occur in the extracellular 
matrix of plants and are a class of hydroxyproline-
containing glycoproteins.  They suggested that AGP's are 
widespread in bryophytes.  Their components and 
description help us understand the evolution of the plant 
cell wall. 
Fossombronia foveolata (Figure 85-Figure 90) also is 
among the bryophytes for which the mitochondrial genome 
has been sequenced (Myszczyński et al. 2019). 
 
 
Fossombronia incurva (Figure 123-Figure 124) 
Distribution 
Fossombronia incurva (Figure 123-Figure 124) 
occurs at low to moderate elevations in Oregon, USA, and 
in northwestern Europe (Britain, Ireland, Poland, Finland, 
Sweden) (Crandall-Stotler & Bray 2019).  Despite its 




Figure 123.  Fossombronia incurva, a species with mostly 
northwestern European distribution.  Photo by  Dick Haaksma, 
with permission. 
 
Figure 124.  Fossombronia incurva growing in small 
clumps.  Photo by Dick Haaksma, with permission. 
Aquatic and Wet Habitats 
Fossombronia incurva (Figure 123-Figure 124) 
occurs on moist sandy or gravelly soils, often along 
streams, lakes (Figure 125), or in dune slacks (Crandall-
Stotler & Bray 2019).  On a stream terrace along Sutton 
Creek in Oregon, USA, the species was growing with the 
also rare Haplomitrium hookeri (Figure 126), forming a 




Figure 125.  Fossombronia incurva habitat.  Photo by Barry 
Stewart, with permission. 
 
 
Figure 126.  Haplomitrium hookeri, a leafy liverwort that 
sometimes grows with Fossombronia incurva in Oregon, USA.  
Photo by Des Callaghan, with permission. 
1-13-30  Chapter 1-13:  Aquatic and Wet Marchantiophyta, Order Fossombroniales, part 1 
Adaptations 
Fossombronia incurva (Figure 123-Figure 124) can 
grow isolated or in small tufts (Figure 124) (Crandall-
Stotler & Bray 2019).  In some cases, it is surrounded by 
other bryophytes (Figure 127) that could help it to retain 
moisture.  We need experimentation to see how these forms 
survive in their moist habitats, especially when they 




Figure 127.  Fossombronia incurva growing with other 
bryophytes.  Photo by Barry Stewart, with permission. 
 
Reproduction 
Fossombronia incurva (Figure 123-Figure 124) is 
dioicous, with male plants smaller than females (Crandall-
Stotler & Bray 2019).  The antheridia are clustered near the 
shoot apices (Figure 128-Figure 129), protected in dorsal 
leaf axils.  Capsules are black at maturity, with variable 
shape (obovoidal, ellipsoidal, to spheroidal) (Figure 130-
Figure 132).  Their dehiscence is irregular fracturing 
(Figure 133).  The spores (Figure 134) are 20-24(-28) µm.  
These smaller spores, nevertheless, might limit their 
dispersal because they often remain in tetrads (Figure 134), 
thus being larger and dispersed shorter distances.  This bet-
hedging strategy should permit some (single) spores 
(Figure 135) to disperse long distances, while keeping 




Figure 128.  Fossombronia incurva males with yellow 
antheridia.  Photo by David T. Holyoak, with permission. 
 
Figure 129.  Fossombronia incurva with antheridia.  Photo 
by Dick Haaksma, with permission. 
 
Figure 130.  Fossombronia incurva female plants with 
immature capsules.  Photo by Dick Haaksma, with permission. 
 
Figure 131.  Fossombronia incurva with immature capsules.  
Photo by Dick Haaksma, with permission. 
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Figure 132.  Fossombronia incurva with capsules and 
elongated setae.  Photo by David T. Holyoak, with permission. 
 
 
Figure 133.  Fossombronia incurva dehiscing sporangium.  
Photo courtesy of  David H. Wagner. 
 
Figure 134.  Fossombronia incurva spore tetrads and elaters.  
Photo by Barry Stewart, with permission. 
 
Figure 135.  Fossombronia incurva spores.  Photo courtesy 
of  David H. Wagner. 
 
Fossombronia incurva (Figure 123-Figure 124) 
apparently has no gemmae, and no other asexual structures 
seem to have been described, but it has a persistent, 
subterranean rhizome that can contribute to local spreading 















Fossombronia isaloensis (Figure 136-Figure 138) is 





Figure 136.  Fossombronia isaloensis.  Photo by D. 
Christine Cargill, ©CANBR (Centre for Australian National 
Biodiversity Research, <http://www.cpbr.gov.au/cpbr/>, with 
permission. 
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Figure 137.  Fossombronia isaloensis in dry condition.  
Photo by D. Christine Cargill, ©CANBR (Centre for Australian 







Figure 138.  Fossombronia isaloensis showing "maroon" 
margins.  Photo by D. Christine Cargill, ©CANBR (Centre for 
Australian National Biodiversity Research, 




Aquatic and Wet Habitats 
 
Fossombronia isaloensis (Figure 136-Figure 138) 
occurs at 1010 m asl, on damp, soft, acidic sandstone 
beside a small stream (Figure 139-Figure 141) that is 
shaded by dry native scrub, growing with the tiny liverwort 
Cephaloziella (Figure 142) (Cargill et al. 2020). 
 
Figure 139.  Massif where Fossombronia isaloensis type 





Figure 140.  Base of canyon habitat where Fossombronia 






Figure 141.  Fossombronia isaloensis at base of canyon 
where type specimen was found.  Photo by Des Callaghan, with 
permission. 
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Figure 142.  Cephaloziella; a member of this genus can grow 








Like many other Fossombronia species, 
Fossombronia isaloensis (Figure 136-Figure 138) has dark 
red-purple rhizoids (Cargill et al. 2020) – a character that is 
unusual in bryophytes (but not in Fossombronia), but 
perhaps not adaptive.  The margins of leaves and ventral 
surfaces of stems are maroon (Figure 138) (Cargill et al. 
2020), but the color can extend into depths of the lobes, a 
character suggesting too much light, as seen on house 
plants that are placed outside on a sunny day after a winter 
indoors.  This is seen in such species as Sphagnum 
magellanicum (Figure 143-Figure 144) that are red (Figure 
143) in the sun but green (Figure 144) in the shade.  The 
most intense purplish red coloring occurs when the sun is 









Figure 143.  Sphagnum magellanicum showing red color 
that is especially intense when it is cold and sunny.  Photo by  
Michael Lüth, with permission/ 
 
Figure 144.  Sphagnum magellanicum showing green color 
as seen in shade or immediately after snowmelt.  Photo by Blanka 









Fossombronia isaloensis (Figure 136-Figure 138) is 
dioicous (Figure 145-Figure 146) (Cargill et al. 2020), but 
at least produces some sporophytes (Figure 147).  These 
are non-emergent or emergent on short setae.  The spores 
(Figure 148-Figure 149) are medium to large [(37.5– 57.5 
µm); Figure 148-Figure 149].   It does, however, produce 










Figure 145.  Fossombronia isaloensis antheridium.  Photo 
by D. Christine Cargill, ©CANBR (Centre for Australian National 
Biodiversity Research, <http://www.cpbr.gov.au/cpbr/>, with 
permission. 
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Figure 146.  Fossombronia isaloensis archegonia.  Photo by 
D. Christine Cargill, ©CANBR (Centre for Australian National 




Figure 147.  Fossombronia isaloensis sporophyte foot and 
seta.  Photo by D. Christine Cargill, ©CANBR (Centre for 
Australian National Biodiversity Research, 
<http://www.cpbr.gov.au/cpbr/>, with permission. 
 
 
Figure 148.  Fossombronia isaloensis spores.  Photo by D. 
Christine Cargill, ©CANBR (Centre for Australian National 
Biodiversity Research, <http://www.cpbr.gov.au/cpbr/>, with 
permission. 
 
Figure 149.  Fossombronia isaloensis spore and elater.  
Photo by D. Christine Cargill, ©CANBR (Centre for Australian 
National Biodiversity Research, <http://www.cpbr.gov.au/cpbr/>, 
with permission. 
Biochemistry 
Thus far, oil bodies have not been observed in 
Fossombronia isaloensis (Figure 136-Figure 138) (Cargill 
et al. 2020).  It also lacks biochemical studies. 
 
 
Fossombronia jostii (Figure 150-Figure 151) 
Distribution 
Fossombronia jostii (Figure 150-Figure 151) is known 





Figure 150.  Fossombronia jostii, a species endemic to 
Ecuador.  Photo by Lou Jost, with permission from S. Robbert 
Gradstein. 
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Figure 151.  Fossombronia jostii in Rio Anzu Canyon, 
Ecuador.  Photo by Lou Jost, with permission from S. Robbert 
Gradstein. 
Aquatic and Wet Habitats 
In Ecuador, Fossombronia jostii (Figure 150-Figure 
151) occurs on limestone boulders along the Rio Anzu 
(Figure 152-Figure 153) where it flows though a narrow 
gorge (Crandall-Stotler & Gradstein 2017).  The rocks are 
moist and periodically inundated in the riverbed.  The Rio 
Anzu is periodically flooded and otherwise remains moist. 
 
 
Figure 152.  Fossombronia jostii on limestone rocks in Rio 
Anzu Canyon, Ecuador.  Photo by S. Robbert Gradstein, with 
permission. 
 
Figure 153.  Fossombronia jostii in Rio Anzu Canyon, 
Ecuador, showing limestone rocks that serve as substrate.  Photo 
by S. Robbert Gradstein, with permission. 
Adaptations 
 
Fossombronia jostii (Figure 150-Figure 151) forms 





Fossombronia jostii (Figure 150-Figure 151) is 
dioicous and sexually dimorphic (Crandall-Stotler & 
Gradstein 2017).  Male plants are narrower, with smaller 
leaves, than the female. Antheridia occur at the apices of 
the male shoots.  The spores (Figure 154-Figure 155) are 
relatively small (28-32 µm in diameter across distal face, 




Figure 154.  Fossombronia jostii spores (left) and elaters 




Figure 155.  Fossombronia jostii SEM of spores.  Photo by 
S. Robbert Gradstein, with permission. 
 
 
It thus far is not known to produce any type of asexual 
reproductive or perennating structure, including a noted 
absence of tubers and gemmae (Crandall-Stotler & 
Gradstein 2017). 
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Summary 
The wet habitat members of Fossombronia often 
occur in habitats that receive splash or that become 
inundated periodically, a habitat consistent with their 
presence in disturbed habitats.  This suggests that they 
are poor competitors.  Some are dioicous and others 
monoicous.  Some produce abundant capsules.  They 
quickly re-appear when disturbed conditions become 
favorable, some from spores, some from persistent 
tubers.  Some benefit from moisture conservation 
derived by growing with other bryophytes, while others 
grow in solitary patches that look like green carnations.  
Some are annuals and others are perennials 
Members of the genus Fossombronia were the 
subject of a number of early studies on development in 
liverworts.  The presence of arabinogalactan-proteins 
(AGP's) was identified in bryophytes for the first time 
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